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ABSTRACT
Zinc concentrations in sea water and in shellfish samples, colIected from inshore

waters along the Atlantic and Gulf of Mexico coasts are reported. Oysters, clams,
and scallops concentrate large amount.s of this t.race metal, the oysters containing the
greatest amounts. Radioacth'e zinc added to the water was rapidly taken up in
great amounts by shelIfish. Considerable accumulation of the nuclide takes place in
the gills of these molIusks, with high concentrations in the kidneys of scalIops, and
considerable amounts in the hepatopancreas.

Nitzschia closteri'um, a marine phytoplankton, took up large amounts of zinc 65 and
apparently concentrates zinc, thus allowing its transfer to marine animals. Marine
fish quickly take zinc into the body from the digestive tmct. Much of the incoming
zinc appears to be excreted rather promptly. A rapid' uptake of radioactive zinc from
an oral dose took place in the kidney, liver, and other internal organs, but the loss of
the nuclide was also rapid. A slow and long-continued accumulation took place in
bone, integument, and muscle tissues. Although there was immediate loss of contained
radioactive zinc when marine fish were ret.umed to flowing sea water, a smalI percent­
age remained with only very slight loss over many days.
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UPTAKE AND ACCUMULATION OF RADIOACTIVE ZINC BY MARINE.
PLANKTON, FISH, AND SHELLFISH

By Walter A. Chipman, Theodore R. Rice, and Thomas J. Price, Fishery Research Biologists. Bureau of Commercial
Fisheries

In a study by the National Aeademy of Scienees,
the Committee on the Effects of Atomie Radiation
on Oceanography and Fisheries (1956, p. 73) state
that they have "considered three aspects of the
atomic energy program that directly invoh-e the
oceans itnd, therefore, the marine sciences: Weap­
ons tests over or in the sea, disposal of radioactive
wastes from nuclear power plants, ann the use of
radioitctive substances in increasing our under­
standing of the or-eans and of the creatures that
live in the sea."

It was in 8.nticipation of this third aspect of the
atomic-energy program that the series of studies,
of which the present is it part, was undertaken.
The principal object of this study is not radio­
aetivity and its effects on living things. It is rather
to understand the role of trace elements in the
metabolism of marine organisms itnd particularly
the role of the very scarce element in sea water,
zinc. The radioisotope zine 65 was used because
it permits the employment of the exact and sensi­
tive radion.ctive-tracer techniques recently de­
veloped.

MATERIALS AND METHODS

In recent years chemical methods for t,he est,ima­
tion of zinc hnve been greatly improved. It. was
thus possible to review the earlier values reported
for marine and brackish waters and for the or­
ganisms living in these environments. Also,
labeling the zine of sea water with Zn65 of high
specifie activity (considered as the amount of
ra.dioaetive element per unit, weight of the element
present) made possible the studies of the rate of
incorporation and the accumulation of zine by
marine organisms without appreciably increasing
the zinc eoncentrations to whieh the organisms
were exposed. The detection of Zn65 at great
dilution, the use of methods of isotopic dilution,
and the rate of ehange of the isotopic concentra-

NOTE.-Appro\,ed for publlcatiun, Aug.!, 195;. ~'ishery Bulletin 1305.

tion,s in the various tissues through the use of
radioisotope techniques made possible the studies
of the zinc uptake and distribution in various
types of marine life. These studies, ahhough not
too meaningful in explaining precisely the role of
zinc in the metabolism of marine plankton, fish,
and shellfish, serve as a· nceessary and a good
starting point for future investigations into the
nature of the biologieal systems in which zinc
plays a metabolie role.

The species of phytoplankton used was Nitzschia
closterium maintained in unialgal and baeteria-free
culture in the laboratory. Sea water enriched
with nutrient ehemicals was employed as the
culture medium, prepared as previously described
(Rice 1953). The marine shellfish included oysters
Crassostrea lYirginica Gmelin, hnrd-shell clams
Venus mercenaria, Linuaeus, and bay scallops
Pecten irradians Lamarck, colleeted in the vicinity
of the laboratory and held in tanks of flowing sea
water. The spedes of marine fish used, eroakers
Micropogon 1t'1ululabts Linnaeus, and pinfish
Lagodon 1'hombo-ides Linnaeus, were taken in a
small trawl and held in a sah-water tank at the
laboratory. The croakers ranged from 5 to 8
inches in length, but were selected to give a
uniform size in the tests. The pinfish were from
3}~ to 5 inches long.

Chemieal estimations of zine in sea water were
made from samples carefully eollected in pyrex
bottles. A few shellfish samples were tested with
freshly collect,ed speeimens. Those from. distant
points were of organisms presel"ved in alcohol.
Care was taken in all instances to a,void metal eon­
tamination. The shellfish samples were vacuum
dried at 700 C. and aliquots of the dried tissues
ashed at 6000 C. The ash was dissolved iu a
small amount of 50-percent HCl and made to a
fixed volume with water. Two hundred fifty
milliliters of the sea water or aliquots of the dis­
solved ash were shaken with dithizone and the
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I Belo~ hllrri~ane. 12.5: an~r hurri~ane .19.6.

T ABLE i.-Average of weekly observatiolls of the zinc content
of the sea water at Beaufort, N. C.

CHEMICAL ESTIMATIONS OF THE ZINC
CONTENT OF SEA WATER AND SHELL­
FISH

Each week for 1 year water samples were taken
at the dock at the laboratory at Beaufort, N. 0.,
and analyzed for zinc content. It was determined
that there was no significant difference in samples
taken at high tide and low tide at this location.
The complete range in zinc content was from 1.2
'Y to 19.6 'Y per lit,er; the latter, however, was
observed when a great amount of fresh water was
present following a hurricane. The monthly
averages (table 1) show a seasonal pattern with
the lowest values for zinc content occurring
during the winter months.

Samples of oysters were obtained for measure­
ment of their contained zinc from localities along
the Atlantic and Gulf coasts, and samples of
clams and scallops were collected from the
vicinity of the laboratory at Beaufort. At the

3174 0.0188
2933 .0240

n~ ---------:0079
778 . . _

1171 .0046
313 .0011

600 .0008
391 (')

Zinc in oys- Zinc in sea
ters (micro- wat~r (micro-
grams per grams per

gram off~sh gram)
tissue)

Locality

I Trace.

Milford. Conn '__
Upper Chesapeake Bay . . _
Low~r Ch~sapeake Bay;York River, Va. _

James River, Va . _
Chlncoteagu~ Bay, Md . . _
Beaufort. N. C _
Brunswick, 01' _
OulC of Mexico:Pensacola, Fla . _

Oalvestou, Tex _

[Winter and ~arly spring samples]

TABLE 2.-Zinc content of oysters and the 8urrounding
8ea water

time of sampling of the shellfish, sea water also
was taken for analysis. The results of the
measurements of the oysters and water in which
they were living are given in table 2.

It is apparent that the area around Milford,
Conn., and the upper Chesapeake Bay have a
high concentration of zinc. This undoubtedly is
related to runoff and pollution, for both of these
areas have metal industries of considerable magni­
tude close by. The inshore waters of the Gulf
of Mexico are relatively low in zinc content.

The oysters collected in Long Island Sound near
Milford and those from the upper Chesapeake
Bay contained more zinc than the others. How­
ever, relative to the zinc available in the water,
these oysters had a lower concentration factor
than those from areas of the Gulf where the zinc
content of the water was low. In any case, the
0YRte~ were found to concentrate zinc in their
bodies thousands of times over the concentration
of the surrounding sea water.

In order to compare the zinc content of the
tissues of the different shellfish, samples of oysters,
scallops, and hard-shell clams were collected
from an area not far from the laboratory. In a
sample of 25 oysters, the zinc content ranged
from 3.70 'Y to 6.66 'Y per mg. of dried meats. The
zinc in this group averaged 5.09 'Y per mg. ,Three
groups of 25 scallops each were analyzed for their
,zine cont,ent, and 19 were' tested individually.
The zinc content of individual scallops ranged
from 0.61 'Y to 1.43 'Y per mg. of dried tissues, and
t.he average for all groups was 1.04 'Y per mg. A
sample of 20 hard-shell clams from the' area
averaged 2.62 'Y per mg. of dried meats. It ap­
pears that oysters have greater amounts of zinc

13.2
14.1
12.4

114.6
12.1
II. 6

Zinc in mi­
crOlll"8m s

(oy) per Iit~r

Month

9.7 May _
2.11 Jun~ . _
3.5 July _
5.4 August _
5.0 Sept~mber_ _

12.1 October _

----11-----------

Zinc in mi­
crograms

loy) per \iter

~o\"emht?r. _. __ . _
D~cember _
January _
F~bruary _
March _
ApriL _

Month

zinc extracted at pH 5.5 as zinc dithizonate in
carbon tetrachloride following the procedures
outlined by Vallee and Gibson (1948). Estima­
tions of the zinc contents were made according to
the colorimetric procedures recommended by
t,hese authors. The dithizone was purified by
the method suggested by Hoch and Vallee (1952).

Except for that used in two series of observa­
tions with marine fish, Zn65 was cy~lotron pro­
duced and carrier free obtained in the form of· the
chloride in acid solution. The disintegration rates
reported are based on relative counting of the
samples and of dilutions of the original shipment
using the concentration stated by the supplier
corrected for radiologi,cal decay. Most of the
measurements were made of liquids with a glass
dip-type Geiger-Muller counting tube. In some
tests, however, a well-type scintillation crystal
was used.



UPTAKE OF RADIOACTIVE ZINC IN FISH 281

in their bodies than clams and scallops, and that
scallops are relatively low in zinc content.

The distribution of zinc in the organs and tissues
of oysters and scallops was determined on com- ,
posite samples of the dissected parts of a number
of animals. Only the mantle, gills, labial palps,
and adductor muscle of the oysters were separated
from the remainder of the body. The oysters had
considerable stored glycogen and little gonad
tissue at the time of year t,he tests were made.
The zinc content of the oysters as a whole was
measured at 5.50 "y per mg. of dried tissue. The
results of the measurements with oysters are
given in table 3. The tissue distribution of zinc

TABLE 3.-Distribution of zinc: in the oyster

[B3Sed on dried tissue)

Zinc content
Tissue (micrograms

permUli.
gram)

Mantle • •• _______ ___ __ 6. 91
GilIs • . __ .• _. 8.02
Labial palps__ • ._. . 9.58
Adductor muscle • • . .61
Remainder.. __• .. _ 6.69

in scallops was determined in experiments using
zinc 65 and are reported later. The adductor
muscle was low in zinc, whereas the labial palps
and gills were relatively high.

OBSERVATIONS ON MARINE
PHYTOPLANKTON

Toxicity of Zinc

Low concentrations of zinc have been reported
to be toxic to higher plailts. Since it was desired
to study phytoplankton growth in cultures con­
taining added zinc, it was necessary to know that
the added element was not above the toxic level
for the species used.

Zinc sulfate was added to sea-water culture
medium in which the marine diatom Nitz8chia
was grown to give concentrations of 100, 250,
500, 750, and 1,000 "y of zinc per liter. Control
cultures were grown in medium without added
zinc, the zinc content of which was measured as
15 "y per liter. The lowest concentration used
which reduced the division rate of the Nitz8chia
cells below that of the controls was 250 "y per liter.
This value- is approximately 10 times the highest
zinc concentration found in the sea-water samples
collected along the Atlantic and Gulf coasts. It

seems unlikely that concentrations of zinc in
nature would limit phytoplankton growth unless
pollution with this element were very great.

Uptake of Radioactive Zinc

To study the uptake of radioactive zinc at sea­
water concentrations of the element, a culture
containing 43 X 107 Nitz8chia cells per liter was
prepared and enough carrier-free Zn65 added to
give a concentration of 27 Jl.Co (microcuries) per
liter. The Coulture was placed in a cabinet with
continuous light from daylight-type fluorescent
bulbs giving 800 foot-candles. Aliquot volumes
of the culture suspension were removed period­
ically and filtered, and the radioactivity of the
filtrat,e was determined. The cells removed all
but It trace of the ZnR5 from the medium within
24 hours, 80 percent of it within the first hour. In
another experiment, run in a similar .manner but
in which the cells were not dividing since they
were kept in the nark for 48 hours prior to and
also during the test, they took up 87 percent of
the Zn65 from the sea-water medium in 24 hours.

In both experiments the available zinc in the
medium entered the cells very rapidly. If the
availability of the zinc had been maintained, it is
likely that the uptake would have continued and
much greater amounts would have been taken by
the cells. If the uptake of the Zn6; resulted from
exchange of zinc between that in the cells and
that in the sea water, the same specific activit,y
would be expected inside the cells at isotopic
equilibrium as outside. Since the specific activity
of the Zn65 was very high in the sea water, the
observed uptake, if due to exchange, would in­
dicate a very great concentration of zinc in the
cells.

If one assumes that the nondividing cells kept
in the dark were in isotopic equilibrium with the
sea-water medium as regards zinc, and that the
difference in the weight per unit volume of the
cells and that of t,he sea water were insignificant,
one can estimate a concentration factor for zinc
based on the reduction during the 24 hours.

The Zn65 of the medium was reduced to 13 per­
cent of its original concentration. To reduce it
this amount, it would have been necessary, to add
6.7 volumes of nonradioactive water to each
volume present, or 6.7 >. (microliters) for each >.
present. This would be the equivalent of 6.7 X 109

cubic microns added per eaeh >. present. From
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Time in hours

[Initial cell population: 7.2 x 107 per liter]

Gammas (micrograms) 01 zinc In
cells 01 liter l'Ulture

TABLE 4.-Uptake oj zinc by Nitzschia cells Jrom. sea water
to which was added different am.ou.nts of zinc

Zinc Requirements for Cell Division

Certain amino acids and their salts have the
ability to form nonionic chelates in which poly­
valent ions are tightly bound. Such mat.erials
have proved useful in det.ermining the nutrient
requirements of plankt.onic algae. One of these,
a sodium salt of et.hylene-diamine-tetraacetic acid
(EDTA) was employed to chelate the zinc in
experiments with the Nitz8chia cells. The addi­
tion of EDTA to cultures to which had been
added Zn~ prevented the uptake of the isotope by .
the cells, no detectable change iIi 24 hours in the
radioactivity of the medium occurring. It is
apparent that. the zinc of t~le sea wat.er in such
combination is not available to t.he cells.

In an experiment. in which the Nitzschia cells
were suspended in cult.ure medium containing 30
p.c of Zn65 and 0.05 grams of EDTA per liter, the
population increased from 0.18 X 107 to 213 X 107

cells per liter in a period of 15 days. The cells
had divided an average of 10 t.imes in these
cultures in which the available zinc was virt.ually
zero. Also, any zinc leaving the cells would
become unavailable to them. During the 15 days,
a small amount of the Zn65 did leave the sea water,
indicating t.hat chelation of the zinc was not com­
plete. However, even though t.he specific activity
of t.he Zn65 was high, cell division proceeded with
only extremely small amounts of available zinc.

Loss of Radioactive Zinc

N#z8chia cells, which had been made radio­
active by growing in a cult.ure to which had been
added Zn~, were filtered from this medium and
resuspended in sea water. At intervals, aliquot.s
of the suspension were filt.ered and the radioactivity

more would have been taken by t.he cells if greater
amounts were still available. The amount of zinc
per cell at the end of 96 hours was as follows:

Zinc in a lit~r Zinc ptr ull afttr
culture initially 9IJ hOUTl

100 'Y 1.4 X 10-0 'Y

1,000 'Y 96 X 10-0 'Y

5,000 'Y 361 X 10-0 'Y

Realizing that individual N#z8chia cells are
small in volume and in weight., it. is apparent. that
they can take up t.remendous· amounts of zinc if
available in the sea water, more being taken when
the amount present is increased. It is evident
that, if Zn65 is present in the sea water, the isotope
will be accumulated by the phytoplankton.

1,000
1,250
2,500
2,550
2,200

22,000

380
450
600
680
700

1700

56
67
86
91
96

198

Culture Culture Culture
containing containing containing
100 'Y/liter 1,000 'Yfllter 5,000 'Yfllter

I Cell increase ten lold.
, No increase In cell Dumbers.

L . . . _
6 ! ~ ~ __ ~ _
24 • __ ._ • • • __
48 • • • • __
66 ._ •• • • __
96. • • _. . __

measurements of Nitzschia cells, it was det.er­
mined t.hat. a cell had a volume of 375 cubic
microns. With a population of 43 X 107 cells per
liter, there would be 430 cells per >., or about 13.1
X 104 cubic microns of nonradioactive cells per >..
The cells therefore had approximately 50,000
times the zinc of the sea water per unit of volume.
It should be ment.ioned that it. is likely that. less
zinc was t.aken by the cells in this test than would
have been if the availabilit.y of zinc had been
maint.ained.

To observe the effect of added zinc on its uptake
by Nitzschia cells, cultures were prepared with
sufficient. zinc added to give total concent.rations
of 100 'Y, 1,000 'Y, and 5,000 'Y per lit.er. To each
were added 45 p'c of Zn~ per liter. Periodically,
aliquots were removed, the cells filt.ered, and
radiological measurements made of the filt.rat.e.
Based on the labeling of t.he t.otal zinc with Zn~,

giving a known specific act.ivit.y, the amount.s of
zinc entering the cells at the different concentra­
tions can be calculated.

The zinc very rapidly entered the cells, much
of it within the first hour (table 4). When con­
siderable amounts were present, more was taken
by the cells. The cells in the medium having
100 'Y of zinc per lit.er continued their divisions
and growth. At t.he end of 96 hours, t.he cell
population had increased from 7.2 X 107 to 70 X 107

cells perliteI'. Those in medium containing 1,000
. 'Y and 5,000 'Y per liter did not divide. The

presence of 5,000 'Y of zinc per liter was sufficient
to damage t.he cells, as indicated by a decrease in
t.heir zinc content aft.er 48 hours. Because of the
great upt.ake, t.here was a marked change in the
availabilit,y, particularly in t.he culture containing
the lowest concentrat.ion. It seems likely that
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TABLE 5.-Loss of zinc 85 from Nitzschia cP.11s jilter-washed
with distilled water and with culture medium containing
dijJerent amounts of added zinc

of the filtrate measured. The radioactive zinc
lost from .the cells during 48 hours was extremely
slight, barely measurable.

If the zinc within the cells is exchangeable, the
addition of EDTA to t.he sea water in which t,he
radioact.ive cells were suspended would chelate
the zinc once it left the cells and prevent it.s re­
turn. When t.his was done, the radioactive zinc
entered t.he sea wat.er and increased in amount
with time until 89 percent of that originally in
t.he cells had entered the medium wit.hin a period
of 48 hours. .

Another method of observing t.he loss of radio­
isot.opes from phytoplankton is t.o wash the radio­
active cells after collecting them on a filter and
observe the changes in t.he radioactivity of t.he
washing medium. The radioisotope leaving the
cells is not. available for reentry int.o t.he cells.

Nitz.~chia cells containing Zn6S were filter­
washed wit.h dist.illed water and with sea-wat.er
medium. In some tests, carrier zinc was added to
the sea-water washing medium. There was a loss
of contained Zn6S from the cells to the sea-water
medium, the loss. being great.er when t.he zinc
content of the washing medium was increased
(t.able 5). Very lit.tle Zn6S was washed from t.he
cells by dist.illed water. Larger quantities left
the cells when the specific activity of t.he washing
medium was lowered from the added zinc. These
experiments demonstrat.e that much of t.he con­
tained Zn65 of Nitzsch.ia. cells was exchangeable.

Washing mellium

Distilled water _
Culture medium . _. _.• . _
Culture medium + 0.1"y zinc .. _
Culture medium + 1.0"y zlnc _
Culture medium + 1O.0"y zinc . _
Culture mcdium + 100.0"y zlnc . . _

Percentage
lost from

cells

2.80
14.64
15.42
30.55
34.27
42.28

that with the other reagents continued for 24
hours. At the end of the extraction time, the
cells were filtered and the radioactivity of the
filtrate measured.

Nearly all t.he Zn66 of the cells was ext.racted
with TCA (98A percent). Ethyl ~ther removed
7.4 percent; hot distilled water, 4.5 percent; and
ethyl alcohol, 1.4 percent..

OBSERVATIONS ON SHELLFISH

Up~ake of Radioactive Zinc by Oysters

When shellfish wer.e placed in sea water to which
had been added Zn66, t.here was considerable
radioact.ivity associated with their shells. It was
observed that this uptake of radioactivity by
oyster shell soon reached an apparent. steady state.
When the radioactive shells were placed in sea
water, the isotope rapidly left the shells with an
approach t.o a new equilibrium between the radio­
activity of the shells and the surrounding sea
water. Since the Zn6S added to t.he sea water was
carrier free and sea water contains but. lit.tle zinc,
it is likely that considerable amounts of the Zn66

were adsorbed t.o the surface of the shells.
In one series of tests, oysters were kept in sea

water to which had been added carrier-free Zn6S to
give a concentrat.ion of about 0.01 p,c per ml. and,
after a given t.ime, were all opened and the radio­
activity of their tissues measured. In other tests
some of the oysters were removed at intervals and
their t.issues analyzed. In all tests, however; the
oysters were subjeeted t.o decreasing amounts of
Zn6S • The radioactivity of the sea water in which
t.he animals were held was determined at in tervals,
and whenever the oysters were sampled. The
results of t.wo tests are shown in table 6.

TABLE 6.-Uptake of zinc 65 by oysters immersed in sea water
containing the isotope

[Average of 15 oysters. Zinc 65 concentrations reported In mlllimicrocuries
("",ell

---------------- ------------

Extraction of Zinc From Phytoplankton Cells

Aliquots of a Nitzsch.ia culture to which had
been added radioactive zinc were centrifuged.

. To the different tubes cont.aining the separated
radioactive cells were added either 10-percent
trichloracet.ic acid (TCA), hot dist.illed water,
ethyl ether, or 95-percent ethyl alcohol, and the
packed cells were resuspended. Extraction wit.h
TCA was allowed to take place for 1 hour while

Hours of exposure

Test I: .5. _
24 . _
48 . _

Test 2:42 . ._. __
66. __ . . . _
90 • • __ • __ • _
114 . ._. _
138 .. . _

Zinc65 content Zinc 65 content or sea
of oysters water (mllc/ml.)
("",c/gm. _

fresh tissue)
Initially At end

210.2 10.6 5.2
263.6 8. I 3.0
243.5 8.3 4.9

137.1 9.7 3.8
376.2 ·9.7 2.5
508.8 9.7 1.8
366.3 9.7
31\.9 9.7 1.5
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TA.BLE 7.-U,ptake of zinc 65 by .th~ separated gills of oysters
1m7,!,erse~ m. sea water contammg the isotope and non­
rad~oactwe zt·nc

TA.BLE S.-Uptake of zt:nc 65 by the separated gills of oysters
17n.m~rsed in sea water c~ntaining the isotope, and loss of
th~s Isotope from these g~lls when placed in nonradioactive
sea water containing EDTA

tion of zinc in the tissue can be calculated from
isotopic dilution. A decrease in radioactivity in
the 25 m1. from 2,576 to 154 counts per minute
per m1. would be equivalent to diluting the
25 m1. by the addition of 393.2 m1. of nonradio­
active sea water. At a specific gravity of 1.025
this amount would. weigh 403 gram~. In the
experiment the tissue concentrating the Zn65 and
reducing the counts actually weighed 0.24 grams,
or only 1/1679.2 times the weight of water needed
to reduce the radioactivity the same amount.
The tissue then concentrated the zinc 1,679 times
the concentration of the sea water, or 1,679 X
0.104 'Y per gm., or contained 174.6 'Y per gm.
However, isotopic equilibrium actually had not
been reached, so higher zinc concentrations would
be possible.

The results of another experiment with oyster
gills are presented in table 8 to demonstrate that
the zinc of the tissue is exchangeable with that
of the surrounding sea water. In this test, gills
of oysters were placed in sea water to which had
been added Zn65• After 21~ hours an equilibrium
appeared to be reached. The gills were then
removed from the radioactive sea water and
placed in sea water to which had been added
EDTA. This salt would chelate the greater part

The Zn65 very quickly decreased in the sea water
and very rapidly increased in the tissues of the
oysters. It seems apparent that the isotope en­
tered almost immediately. There was very little
increase with time as the experiments progressed.
This might be explained as due to experimental
conditions since the oysters were subjected to de­
creasing concentrations of Zn65 in the water. An
apparent steady state would be observed if the

.availability of the Zn65 were maintained. If this
had been done, it is likely that the isot~pe in the
tissues· would have reached a high concentration
since the radioactive zinc added was carrier free.
However, with a high specific activity in the sea
water, it was quite impossible to have an insig­
nificant decrease in the Zn65 of the water in which
the oysters were immersed. Despite the fact that
an apparent steady state could not be reached in
the experiments, the results indicate that oyster
tissues contain very large amounts of zinc.. Ex­
periments using Zn65 with added zinc carrier are
reported later in experiments with separated gills.

Uptake and Exchange by Separated Oyster Gills

A number of experiments were made of the up­
take of radioactivity by the separated gills of the
oyster when immersed in sea water containing
Zn65• In some the effects of added ziric were ascer­
tained, while in others, e.xchange phenomena were
demonstrated. In all instances there was a verv
rapid uptake of the Zn65 when this isotope w~s
added to the sea water in carrier-free solutions.
Even with added zinc, reducing the specific activ­
ity of the Zn65 in the sea water, the uptake was
usually quite rapid and great, indicating that the
oyster tissues contained very large amounts of zinc.

As an example of the uptake of radioactive zinc,
the results of measurements made in one experi­
ment are presented in table 7. In this test the gills
of an oyster were immersed in 25 m1. of sea water
to which had. been added 2.5 'Y of zinc. Radioac­
tive zinc was added, and the radioactIvity of the
sea water was measured at intervals. The Zn65

entered the tissues very rapidly at first and less
rapidly as the test was continued. It might be
possible to interpret the results as an approach t,o
an equilibrium, although the isotopic ratio of I he
Zn65 inside the tissue and in the sea water outside
undoubtedly were not the same.

If one assumes that isotopic equilibrium ·were
reached between 42 and 48 hours, the concentra-

Hours of exposure

0 _
6 • •• ••
18_. •• . _
19.5 •• _
21.5 • _

Hours of exposure

Sca water:0 .. _
L . _
2 _
3 _
5 " _
9 _
21. 5_. _
24. • . _

Radio·
activity of

water
(counts per

minute)

2,576
1,841

835
749
572

Radio·
-activity of
sea water
(counts per

minute)

2,671
2,631
2,508
2,416
2,208
1,819
1.154
I, 165

Hours of exposure

24 _
26 • _
42 _
45 • • __
48 • • _

Hours of exposure

Sca water-Continued27_. _
45.5. _

Sea water and EDT.'\.:0 _
4 • _
20 • _
23_. __
25 __ • _

Radio·
activity of

water
(counts per

minute)

458
342
164
165
132

Radio­
aotivityof
sea water
(counts per

minutc)

1,106
1,074

°275
1,246
1,174
1.215
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8:l8 690

TABLE lO.--&traction of zinc 65 from oyster tissues

733 679
Tre~e~ w~h TeA ._________ 1.20 "__

R~sr~e'_~:: .::::::::::::::::::::: :: :::::::::: 8~ ::::::::::::

400 _
333 _

O)'stCI' tissue
Weight in Activity inIActivity in

grams counts per counts per
minute minute/gm.

-------·----------·--1----1---------
Whole homogenate ._ 1.68 1 147 683
Treated with water :._ 1.08 : _

~~~r~~~._~ :::::::::::::::::::::::: ::::::::::::

of the zinc leaving the gills and limit that available
for exchange. From the results of the measure­
ments of the radioactivity in the sea water con­
taining the chelating compound, an increase in
radioactivity occurred, which demonstrated thai;
zinc passed out of the gills to the wat,er. It
seems evident that a great part of the zinc in
oyst,er t,issue is exchangeahle with that of the
surrounding sea water, and the total amount
present in the gills is thousands of times that of
the sea water.

TABI.E 9.-Tissue distribution of zinc 65 in the bay scallop
after e-J;po.su~e for .2 hO!lrs to sea water containing 10
mllc (lIIdhllncrOCltrles) zmc 65 per lIIilliliter

[Average 01 10 scallops]

Distribution of Radioactive Zin~ in Oysters and Scallops

Radioactive zinc was injected into oy~ters, and
their tissues or organs were analyzed for radio­
activity after 2 hours. The site of the injection
varied. In some test,s the Zn65 was placed in the
adductor muscle, and in others in the visceral
mass or in the pericardial cavity. There was con­
siderable radioactivity in the shell liquor and blood
that was lost on shucking. In some, instances
this amounted to almost one-third of the injected
dose. The gills had almost twice t,he radioactivitv
of the other organs and tissues. There was COI;­

siderable Zn65 in the liver and bodv mass. The
heart wa.s relatively high in'activity:having about
70 percent of the amount found in the liver. The
adductor muscle was much less radioactive than
the other organs and tissues.

Bay scallops were immersed in sea wa.ter to
which had been added Zn65 to give a concentration
of 0.01 p.c per ml. At the end of 2 hours, the
scallops were carefully dissected and their organs
and tissues analyzed for Zn65 content. The
scallops rapidly took up the Zn65 with all the orgails
having considerable radioacti.vity (table 9). A
large amount was in the kidney.' The live~ and
associated organs were quite ra'dioactive, as were
als:> the gills.

Weight in Zlnc65content
grams m,.c/gm..

Uptake of Radioactive Zinc From the Digestive Tcact

Two series of tests were made to follow the
uptake of Zn65 from the digestive tract by croakers
lvlicropogon 'I1.nd'l1.latu..<:. In one ,series the nuclide
in solution with high specific activity was pipetted
directly into the stomach. In the other, the

Extraction of Zinc From Oyster Tissu:!s

Twenty oysters, exposed for 48 hours to sea
water t,o whieh had been added 0.01 p'e of Zn65 per
mI., were opened and their meats ground in a
blender. This material was further ground to a
~ner paste with a tissue grinder. Weighed por­
tIOns of the finely ground oyster tissues were then
placed in centrifuge tubes. To one was added 5
ml. of water, the material stirred occasionally
during a 15-minute extraction period and the
liquid extract separated by centrifu~ation. A
second extraction was made with another 5 ml. of
water, and the extracted material was eombined
and diluted to a known volume. The radioaetiv­
ity of an aliquot of the water extract was measured.
The residue left after centrifugation was dissolved
in concentrated HN03 and made to a fixed volume.
The radioactivity of an aliquot of this was likewise
determined. Another portion of weighed tissue
homogenate was extracted in a similar manner but
with a 10-percent solution of TCA. The radio­
activity of the extraet and residue were then
measured. A third portion of weighed homogenate
was dissolved in concentrated HN03, made to a
fixed volume, and the radioactivity of an aliquot
determined.

The Zn65 of the oyster tissues was only partially
extracted with water. However, all of the isotope
was removed from the tissues by treatment with
TCA (table 10).

METABOLISM OF RADIOACTIVE ZINC BY
FISH

1,384.31
243.14
218.43
138.04
130.59
119.61
105.10
99.61
91. 76

0.595
2.085
3.11'~4

1. 401
.191
.070

.

127

13.700
3.495

Organ
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dose of Zn65 , with 50 micrograms of earrier zine
in t,he form of the sulfate per gram of fish, was
solidified in gelatin and placed down their throats.
After they were given the radioactive zinc, the
fish were returned to a tank of flowing sea water
and sacrificed after intervals of time up to 48
hours.

After collect,ion of a blood sample, the organs
and tissues of the fish were carefully dissected.
The parts of the digestive traet wer~ wet-ashed
with nitric acid and t,he ash t,aken up in dilute
hydrocholorie ~wid ll.nd made to a fixed volume
with water. Aliquots of these solutions were
placed in smull vials for radioactivity measure­
ments. After dissection of the various organs
and removal of a portion of integument, of muscle,
and of bone, t,he remainder of the fish was homog­
enized in water in a blender, and an aliquot of the.
homogenat,e was placed in a small vial. The
various samples in t.he vials were plaeed in the well
of a scintillation detector and the contained
radioactivity measured. The results were cor­
rected for weight of sample, dilution, and t,he
dosage given to the different-sized fish and com­
pared with an aliquot of the dosing material. The
computations of microcurie strengths were based
on the efficieney of the counting arrangement for
dilutions of the original shipment and the reported
Zn65 content.

The gelatin containing the zinc was broken down
in the stomach rather promptly and passed into
the intes'tines in somewhat liquefied form. Two
hours after administration, about 60 percent of
the dose was in the digestive tract, most of it in
the stomach (table 11). Bet.ween 2 and 6 hours,
most of the dose had left the stomach and appar­
ently had entered the body of the fish. There
was only a small percent,age of the dose in the
intestines at any time. Very little was found in
the pyloric caeca.

The Zn65 pipetted direct.ly into the stomach en­
tered the intestines more promptly. However,
uptake from the intestines was somewhat less
rapid than in the tests in which added carrier was
employed (table 12). The percentage of the dose
in the intestines remained high for 12 hours after
dosing. Nearly 10 pereent of the dose was in the
fish tissues at 24 hours, much of it entering very
early. However, t,he Zn65 not accounted for in the
digest,ive tract and the remainder of the fish body
was 50 percent in 4 hours. It increased to 71 per-

TABLE Il.-Zinc 65 content of digestive tract of croakers
following its administration by mouth in gelatin

Percentage of dose remaining after-
Organ

2 hours 6 hours 12 hours

Stomach______________________________ 50.2 8.4 7.5
Intestines_____________________________ 8.7\ 11.3 15.6
Pyloriccacea_________________________ .6 .9 .9

------1----
TotaL_________________________ 59.•~ 20.6 24.0

cent after 24 hours and to 87 percent after 48 hours.
It was likely excreted.

The ehanges in coneentration of Zn65 in the vari­
ous organs and tissues of the croakers following
administration of the nuclide by pipetting into
the digestive tract are listed in table 13. There
was rapid entry of the zinc into the blood, accom­
panied by an uptake by the kidney. There was
a very great accumulation by the liver, which also
took place soon after entry of the isotope into
the blood. The greatest accumulation by the in­
ternal organs was observed after 6 hours. Follow­
ing this the levels rapidly fell off, the decrease
being more marked in the blood than in the liver
and kidney. The build up of radioactivity by
the spleen and the gonads was somewhat slower
than t,hat in the other organs. Aside from the
rapid uptake and loss by the kidney and liver,
there was a small and continued accumulation in
bone, integument, and muscle tissues. It seems
that the zinc entering the blood from the diges­
tive tract was ra.pidly removed by the kidney and
liver. Removal of part by the gills seems prob­
able, and the concentrat.ions reported may reflect
a good supply of blood to the filaments. The
slow continued uptake by bone, skin and scales,
and muscle indicates an aceumulation of zinc in
these tissues with a relatively slow turnover time

,of zinc-containing compounds.
From an extremely careful and painstaking dis­

section of a croaker and a weighing of the organs
and parts, the percentage composition of the fish
was ascertained. In other fish of known weight
the different internal organs were ta.ken in their
entirety for the samples. From this information
and the radiologieal measurements it was possible
to compute the distribution of the Znfl6 in the
tissues and organs of the entire croaker after 'ad­
ministration of this isotope. These calculations
for a 12-hour fish receiving Zn66 in gelatin are
given in table 14.
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Distribution

2 hours 4 hours 6 hours 12 hours 24 hours 48 hours

Pert'entage of doSt' rem,linlng after-

TABLE 12.-Distribution of zinc 65 in croakers following
pipetting of the nuclide into the stomach

Percent I Zinc 65 Inl Percent
of total Weight Zinc 65 In mpc pcr of total
weight in grams mpc/gm. tissue or zinc 65 of

organ body

Organ or tissue

Muscle________________ 80 48.80 1.6 78.1 44.7
!:lone_•• ____ ._ •________ 11 6.71 5.5 36.9 21.1Gllls_________ •______ ._ 2 1.22 10.9 13.3 7.6
Llv~r____ . __ . __________ .8 .49 40.7 19.9 11.4Gonads________________ .4 .24 17.6 4.2 2.4
Kldn~y______ •________ .3 .18 41.5 7.5 4.3
Heart ______ •__________ .2 .12 14.0 1.7 1.0
Spleen ________________ .1 .06 25.3 1.5 .9
Remainder '._. ________ 5.2 3.17 • 3.7 11.7 6.7

TABLE 14.-Zinc 65 distribution in entire fish 12 hours
after ingestion of the isotope

(Dose I per fish: 6,100 mpc}

59.7 0.7 0.7 0.4 9.8 1.2
20.4 42.2 42.6 48.3 6.3 3.9
6.9 3.9 11.4 2.9 2.9 1.0

----------"------
87.0 46.8 54.7 51.6 19.0 6. I

------==---
3.6 2.4 7.9 I 6.7 9.7 6.8.
9.4 50.8 37.4 41. 7 71. 3 87. I

Digest.lve tract:
Stomach__ • _
Intestlnes••• ._
Pyloric caeca _

TotaL. .

Fish body _
Unaccounted for _

I Threc p~rcent of dose in tissues (178.8 mpcl; 24 percent In digestive tract;
73 percent not accounted lor, mostly excreted.

• Skin, scales, digestIve tract, blood, brain. cyes, and othcr parts.
3 Based on skin lind scales.

TABLE 13.-Changes in the zinc 65 content of the various
organs and tissues of croakers following its administration

(Dose: 1.55 mlcrocuries per gram of fish. Values listed in mlllimicroe:tlries
per gram of fresh tis.~uel

TotaL__________ tiO.99 • _ 174.8 __ •• _

--------1------------------
Blood____ . __ •_______ 0.93 8.16 28.61 7.21 9.70 3.49
Heart____•• __ •• ______ .02 1.60 10.66 3. i2 5. II 3.91
Spleen ._. ____ •• ______ 0 1.60 15.06 6.97 12.83 3.86
Gill filaments_. ___ ••• .09 2.54 10.97 4.48 8.09 4.52Liver__ •_____ •• ______ .11 :1.14 57.46 20.64 22.00 II. 72
Kidney_____ ._. ____ ._ 1.50 3.64 27.03 10.09 18.52 12.2tl
Gonads__ •__ •_______ • .05 .27 2.44 I. 61 2.98 2.57
Muscle_. ___________ • .01 .06 .31 .21 .43 2.21Bone ________ •• ____ ._ .02 .41 1. 42 1. 27 2.37 1. 19
Integumcnt__ •______ • 0 .17 1.10 1. 21 2.32 1.06

Retention of Radioactive Zinc in the Body

The retention of Zn65 was measured in experi­
ments using the pinfish, Lagodo'/l. /'hombo·ide8.
Following an exposure of the fish for 4 days to sea
water to which had heen added Zn65, they were
returned to a laboratory tank of flowing sea' water.
At intervals after exposure up to 25 days, three
fish were taken for measurement of their contained
radioactivity. After removal of water from t,he
surface of the. fish by blotting with paper toweling,

Although t,he internal organs rapidly take up
Zn65 in large amounts, they constitute only about
2 percent of the weight of the entire fish. The
.uptake and rate of loss in these organs is usually
rapid and much of the physiology and metabolism
of elements is explained in the changes ill concen­
trations in these organs. While the rnte of uptake
in muscle and bone may be slow, these tissues ac­
count for 91 percent of the weight of the fish.
The slow accumulation of elements in these tissues
is of considerahle importam'e.

In the croakers tested 12 hours after dosing, the
greatest amount, of Zn65 in the fish was in the
muscles. The muscles and bones had 66 percent.
of the total radioactive zinc present in the fish.

The measurement,s made throughout the year
of the. zinc. content of the sea water at the labora-

the fish were weighed and homogenized with
added distilled water in a blender. An aliquot of
the homogenate of the fish was weighed and dried
to constant weight at 980 C., and the percentage
of moisture determined. Five other aliquots were
taken, placed in vials, and weighed, and the con­
tained radioactivity measured in the well of a
scintillation crystal detector. Because of differ­
ences in the amount of water added in homogeniz­
ing, the result,s of the radioactivity measurements
were calculated on a dry-weight basis.

The relative radioactivity of the fish during 25
days following their return to nonradioactive
flowing sea water is plotted in the graph of figure
1. There was initially a marked loss of the Zn 65

from the fish when returned to flowing sea water
following the exposure. However, 7 or 8 percent
of that initially present was retained throughout
the 25 days of observation. It is apparent that
some Zn65-containing compounds in the body
of the fish have a very slow rate of turnover. A
part of any contained ZnG5 in the fish will be pres­
ent over very long periods of time since the loss
during 25 days was extremely slight, as shown by
the lack of any appreciable slope in the curve of
the line of figure 1. The loss from the tissues
cannot amount to much more than that resulting
from radiological decay. Because of the long half­
life of Zn65 (about 250 days) and the relatively
great fluctuations in individual samples, the obser­
vations reported were not corrected for d~cay.

DISCUSSION

. Zinc 65 content (mpc/gm.) after-

2 hours 4 hours 6 hours 12 hours 24 hours 4S hours

Tissue or organ
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FIGURE I.-Loss of contained Zn6li from the pinfish, Lagodon rh011lboides, following return to flowing sea water.

tory dock are well within the values that may be
expected for such inshore wat.ers. For Tokyo Bay,
lse Bay, and Misaki Channel, Morita (1950)
found a range in zinc content. from 2.8 7 to 11.7
7 per liter, with an average of 5.6 7. Buch (1944)
report.ed an average of 10.87 per liter, with a range
of 4.5 7 to 23 7 for the Gulf of Bothnia along
the coast. of Finland within harbors and areas of
low salinit.y and where there was evidence of con­
siderable pollution. Wattenberg (1943) gives a
range from 5 7 to 30 7 per lit.er for the western
Balt,ic, not greatly different from Buch for t.he
eastern Bah,ic. Noddack and Noddack (1940), for
a fjord of the Swedish coast., found a content of
slightly more than 14 7 of zinc per liter (14 7

per kg.). For samples t.aken along the coast of
Great Britain, some in inside waters, Black and

Mitchell (1952) report zinc concentrations from
9 7 t.o 21 7 per liter. Kuroda (1940) reports zinc
concent.rations of 7 7 per liter off the Honshu coast
of Japan, and Bodansky (1920) gives a value close
t.o 7.5 7 per liter (7.3 7 per kg.) for a sample
from the Gulf of Mexico taken close to shore at
Galveston.

A seasonal change in the zinc content of the
wat.er collected at t.he laboratory dock appeared
in the data with low values occurring in the wint.er
months (table 1). The significance of this is not
known. From the data obtained, there was no
indication that the amount of zinc present in the
wat.er at. low tide was great,er t,han at high t.ide.
Salinity changes at t.his locatiOl) are usually slight
even throughout. the year. However, a great
lowering of the salinity, normally close to that. of
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the more open sea, to an extremely low value of
about 12 parts per thousand following heavy rains
from a hurricane was accompanied by a higher
zinc content, of the water. Changes in the Zi.1C
content at this location may be influenced some­
what by runoff and pollution.

The zinc content in the tissues of oysters in the
few samples tested varied considerably (table 2),
but the range of from about 300 'Y to 1,000 'Y per
gm. of fr('sh meats for oyst('rs in which metal
contamination is not definitely known is quite
similar to that r('ported by many inv('stigators
(Bertrand and Vladesco, 1923; Bodansky, 1920;
Hilt,ner and Wichmann, 1919; Hubbell and
Mendel, 1927; McHargue 1924; Orton 1924).
The high values found in oysters from Long Island
Sound and the upper Chesapl'ake Bay were likely
related to metal pollution of the water. Similarly
high values for oysters for these locations and a
polluted water off N e:w Jersey were given in the
analyses of various investigators listed by Hiltner
and Wichmann (1919). Galtsoff (1937) reports
similar high values for oysters of Long Island
Sound. Mention might be made that the values
for zinc concent,rations in different mollusks re­
ported by McHargue (1924) were for moisture-free
samples rather than for living substance as quoted
by Vinogradov (1953, table 218, p. 359) and so
are much less than would appear from reference
to Vinogmdov's table.

Mollusks in general are known t,o b(' high in their
zinc content, and t,hese along with crustaceans, are
richest in zinc when compared with ot,her inver­
tebrate groups (Vinogradov 1953). Lamelli­
branchs contain large quantities of zinc, but there
is considerable variation with higher concentra­
tions in oysters than in others. In our investiga­
tions less zinc was found in the clam l~enus

me-rcena-ria than in the oyster Crassostrea 1ri.rginica,
and still less in the scallop Pecten inadia.ns.
Hubbell and Mendel (1927), Ilodansky (1920), and
McHargue (1924), report less zinc in clams than
in oysters. Bertrand and Vladesco (1923) give
much lower values for the scallop Pecten ja.cobae·us
than for the Portuguese oyster Cl'assostl'ea angttla.ta.

In oysters the gills were notlLbly high in zinc
cont,ent, but considerable amounts were present in
the mantle and labial palps, and in the remainder
of the body, which included the hepatopancreas.
Low concentrations were present in the adductor
muscle. Based on the distribution of Zn65 in the

tissues and organs of scallops, the gills were like­
wise high in zinc, as were also the kidney and
hepatopancreas. The adductor musde was low.
Earlier work has pointed out high concentrations
of zinc in the gills of oysters and low amounts in
the adductor muscle (Bertrand and Vladesco,
1923; Bodansky 1920; Galtsoff 1937; and Koga
1934).

The results reported on the uptake of Zn65 by
Nitz.~cM.a clearly indicate that, this species of
phytoplankton does accumulate considerable
amounts of zinc. No information on the zinc
content of m:Lrine phytoplankton could be found
in the literature. Small amounts of zinc, less than
those found in terrestrial plants, have been
reported in the ash of La.minal"l:a saccharina and
Ji1./.C'Us 'llesir.u.lostl.Y, and in the dry matter of
l\IaC1'ocystis pyrijera (Vinogradov 1953). Based
on the zinc concentrations reported for inshore
waters, the amounts found in these plants indicate
that t,hese species do concentrate zinc. Black and
Mitchell (1952) st,udied the concentration factors
for zinc in algae (fresh weight to trace element in
the surrounding sea water) and report values for
5 different species ranging from 400 to 1,400.

Small amounts of zinc appear to have a stimu­
lating effect on the growth of many plants, and
small amounts appear to be necessary for their
growth and well-being. The beneficial action of
zinc is less evident in green plants. The lack of
available zinc in the soil for growth of certain
nut-producing and fruit trees, and the diseases of
citrus and other species of plants resulting froni
this lack are well known (Brenchley 1943, 1947;
Chandler 1937; Chesters and Rolinson, 1951; and
others). The essentiality of small amounts of
zinc for the laboratory culture of many species of
phytoplankton has been investigated (Ondrats­
check 1941). The amounts required appear to be
small. In the experiments reported on the culture
of Nitzsch-ia closte-rium in media with very limited
zinc concentrations, no effects on the rate of cell
division were apparent. Very little zinc was
n('cessary for cell multiplication in this speci('s.
With the zinc concentrations available to phyto­
plankton cells in the sea, and with the less rapid
division rate as compared to the laboratory culture
of these forms, it seems quite unlikely that a zinc
deficiency would limit phytoplankton growth in
the sea.
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Zinc has been reported (Greenfield 1942) as
affecting photosynthesis in Ohlol'ella l"ltlgal't's, but
the amounts required were very great (10-2 molar
zinc sulphate) sincE' the exposure times WE're
limited to 20 minutes. In our experiments cell
multiJlication of Nitz.~chia was reduced in cultures
grown in zinc concentrations of 250 'Y per lit"..r or
~tronger. The exact toxic strength is not known,
but the division rate was not lessened at concen­
trations of 100 'Y per liter. This is at least three
times the highest zinc concentrations reported for
sea water. It seems likely from this, and from
t,he previous discussion, that neither high nor low
zinc concentrations will limit the growth and
reproduction of phytoplankton in the sea.

There are appreciable amounts of zinc "in the
tissues of marine fishes. According to the analyses
listed by Vinogradov (1953), there is more zinc
than c.opper and much more than iron. Bertrand
and Vladesco (1922) determined the zinc content
of muscle tissues of eels and flounders. Bodansky
(1920) in his analyses of 14 common marine fishes
reports species differences, with rather high values
in the spotted trout and flounders and an extremely
high c.oncentration in sea catfish. The two
analyses of fish by Noddac.k and Noddack (1940)
are about comparable to some of the lower values
reported by Bodansky when 'one considers that
their all"alyses are based on dry weight. The
values reported by Vinogradov (19.53) for these
authors are listE'd as for living material, which
makes them appear high.

No previous work has been reported on the
changes in the zinc content, of the tissues of
marine fish following ingestion. The measure­
ments of the upt,ake of Zn65 following oral admin­
istration to croakers show a ra.pid entry of the
isotope into the blood with great accumulation
in the internal organs, particularly the liver and
spleen. The supporting tissues slowly took up
the isotope. Much of the zinc entering the body
was quickly taken up by the gills and kidney.
The decrease in the zinc content of the gills in(li­
cated an early E'xc.retion of zinc. through t,hese
structures. High concentrations of zinc in the
liver and spleen of marine fishes were reported by
Bodansky (1922). He also reports ra.ther great
concentrations in bones and, in marine catfish, in
the gills.

AIt.hough much of the oral dose of Zn65 was not,
nccounted for and considerable amounts of that·

entering the blood were likely excreted, marine fish
can accumulate radioactivity from the uptake of
Zn65 if present in their food. With accumulation
of zinc. by phytoplankton, and again by certain
species of invertebrates, it seems not unlikely that
radioactive zinc, if present in the sea water, will
appear in c.oncentrated amounts in the tissues of
marine fishes.

The slow uptake of Zn65 by the structural
tissues with acc.umulation in the bones and muscles
would indicate that the loss would likewise be
slow, a slow rate of turnover of the zinc-containing
compounds. The observations reported on pin­
fish show almost no loss after the first day for a
period of 25 days. Obviously, if Zn65 is taken
into the bodies of marine fishes, certain amounts
will be present and measurable for very long
periods of time. When Zn65 was given orally to
cows (Bergh 1950), the isotope was present in the
body for some time and continued to appear in
the milk after it was virtually absent, from urine
and feces. That Zn65 remains in the body for
considerable lengths of time is indicated from the
finding that intravenously injected Zn65 was
present, in the bodies of dogs up to 6 months
(Vallee, Fluharty, and Gibson, 1950).

It seems possible that the nonfission-product
isotope Zn65 , found in the bodies of marine fish in
the Pac.ific Ocean, as mentioned in the introduc­
tion, was, perhaps, present in the water and was
accumulated by the fish from marine life farther
down the food ehain. Because of the long bio­
logical half life and long retention of this nuelide
by marine fishes, the Zn65 could have been aceu­
mulated many months prior to the radiological
det,erminations.

SUMMARY

1. The zinc content of sea-water samples col­
lected from inshore waters along the Atlantic and
Gulf of Mexico coasts averaged 10.6 'Y (micro­
grams) per liter and ranged from a trace to 24.56 'Y

per liter; the higher values were for samples from
areas known to receive metal contamination.

2. There was a seasonal difference in the zine
content of the sea water at Beaufort, N. C., the
lower values occurring during the winter months.
The monthly averages ranged from 2.8 'Y to 14.6 'Y

per liter. The average of all the observations was
9.6 'Y per liter.

3. That oysters, clams, and scallops cont,nin
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large amounts of zinc, thousands of times more
than the sea water per unit of weight, was con­
firmed. In these the greatest aecumulation is by
oysters, less by hard-shell clams, and least by
bay scallops.

4. Radioa('.tive zinc. present in the surrounding
water·is rapidly taken up in great amounts by these
shellfish, probably because of the great difference
between the zinc content of the water and that in
the tissues. Much of the zinc in t;he mollusks is
exchangeable with that of the water.

5. High concentrations of the Zn65 injected into
or taken up by oysters and seallops occur in the
gills. Considerable amounts accumulate in the
kidney of scallops. There is also accumulation in
the hepatopanc.reas of the shellfish, but only small
amounts in the adductor muscle.

6. The marine diatom, Nitz8chia clostel'i1f.m,
takes up large amounts of Zn65 when it is present
in the sea water. Although the greater part of
the zinc of the c.ells is exchang ~able with that of the

water, very little accumulated Zn65 leaves the cell
when they are resuspended in nonradioactive sea
water. This species of marine phytoplankton
appears to accumulat,e eonsiderable amounts of
zinc.

7. Marine fish quiekly take zinc into the body
from the digestive tract. Apparently much of it
is excreted rather promptly. High blood conc.en­
trations of Zn65 from feeding of the nuclide to fish
were quickly followed by rapid uptake by the
kidney, liver, and other internal organs. The
Zn65 concent,rations of these and the blood very
quickly declined after reaching this early peak.
The liver had the greatest accumulation. A slow
and long-continued aceumulation took place in
bone, integument, and musele t,issues.

8. Although there is an immediate loss of accu­
mulated Zn65 when marine fish exposed to the.
nuclide in sea water are rC" urned to flowing non­
radioactive water, a small p' rcentage remains with
only very slight loss over r-eriods of many days.
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